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ABSTRACT 
A novel synthesis method was developed to prepare manganese dioxide via cathodic 
electrolysis in potassium permanganate solution. The morphology and the composition of the 
synthesized products were analyzed by scanning electron microscope (SEM), energy dispersive 
X-ray spectroscopy (EDX) and X-ray diffraction spectroscopy (XRD). The electrolyzed 
products include two kinds of materials: amorphous and crystalline manganese dioxide. The 
manganese dioxides were formed by cathodic reduction via two reaction mechanisms: direct and 
indirect electrochemical reactions. The electrolysis current performance strongly depends on the 
electrolyte solution temperature, applied voltage and not clearly depends on electrolyte solution 
concentration. With high current performance and uniformity products, the cathodic reduction of 
potassium permanganate is promising method for manganese dioxide fabrication.    
Keywords: manganese dioxide, potassium permanganate, cathodic electrolysis, amorphous, 
crystalline.  
1. INTRODUCTION 
Manganese dioxides have attracted attention due to their wide applications in different 
fields such as catalysis, ion-sieves, rechargeable batteries, chemical sensing devices, and 
microelectronics [1]. There are two methods: chemical and electrochemical processes to 
synthesize manganese dioxides. The chemical process to prepare manganese dioxide includes 
the oxidation of Mn(II) in basic solution, or oxidation by MnO4
-
, O2, K2S2O8, and H2O2, or by 
reduction of MnO4
-
 using different routes [2 - 5]. Most of chemical methods produced 
amorphous manganese oxides which are needed to post-treat at high temperature for 
crystallization for energy storage system application. The anodic oxidation of Mn
2+
 solution is 
popular method to prepare electrolytic manganese dioxides (EMD) which is used as component 
of the composite cathode in Zn-MnO2 batteries [6].  
In the recent years, there are some reports about novel methods to prepare MnO2 from 
cathodic electrolysis in KMnO4 solution. Amorphous nanomanganese oxides were prepared 
from/via potentiostatic cathodic electrolysis in KMnO4 solution at low temperature on Pt 
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cathode [7]. Nanostructured porous manganese oxide films were prepared via the same process 
but on the stainless steel mess electrode which were well applied for electrochemical 
supercapacitor application [8]. However, these researches are not shown in details about the 
influence of electrolysis conditions on the manganese dioxides formation. 
In this study, the influence of electrolysis conditions such as: electrolyte solution 
temperature, concentration, and applied voltage on the current efficiency of manganese dioxide 
via cathodic electrolysis was studied. The formation mechanism of MnO2 via cathodic 
electrolysis was explained based on two processes: direct and indirect electrochemical reactions.    
2. MATERIALS AND METHODS  
Manganese oxide was prepared via cathodic electrolysis by potentiostatic technique. The 
anode was prepared from graphite and the cathode was prepared from stainless steel and 
graphite. All chemicals are analyticalgrade chemicals from China. The electrolysis solution was 
prepared by dissolving potassium permanganate (KMnO4) in distilled water with different 
concentrations. The electrolysis process was done under different applied voltages, at different 
solution temperatures and concentrations. The operating conditions of the electrolysis process 
are shown in Table 1. The electric current performance of the electrolysis process was calculated 
by using a Copper Coulomb Meter - a copper electrolysis bath with electric current efficiency is 
100 % which was conjunctively connected with electrolysis bath. 
The surface morphology and the chemical composition of the electrolyzed products were 
determined by SEM (JMS-6490, Jeol, Japan) with EDX. The structure of the samples were 
characterized by X-ray powder diffraction (XRD) using a D8 Advance-Bruker X-ray 
diffractometer with Cu-Kα radiation (40 kV, 30 mA) and Lynx-eye position sensititve detector.  
Table 1. Operating conditions of electrolysis process. 
Electrolyte solution 
concentration KMnO4 
(M) 
Electrolyte solution 
temperature (
o
C) 
Electrolysis 
applied voltage (V) 
0.05 15 2 
0.075 30 3 
0.1 45 4 
0.125 60 5 
0.15 75 6 
 90  
3. RESULTS AND DISCUSSION 
The optical and SEM images of MnO2 which were prepared via cathodic electrolysis on 
stainless steel electrode ảe shown in Figure 1. In Fig. 1c, the optical image clearly indicates that 
there are two kinds of electrolyzed MnO2 that were formed. The first type of MnO2 which is the 
major product is a heavy, grey-black color and hard material. This product was formed in a big 
amount as a thick and hard coating layer on the cathode surface during electrolysis and after 
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rinsing and heating, they broke into many grey-black pieces. The second type of MnO2 is a light, 
brown color, powdered and porous material which was formed in small amount. During the 
electrolysis, the light, brown powder was suspended in the electrolyte solution and took a long 
time to stand out at the bottom of the electrolysis bath. The SEM images in Fig. 1a, b show the 
product in details. The first type MnO2 is consisted of flat pieces with smooth surface while the 
second type MnO2 is porous clusters on the surface of first type one.      
 
 
Figure 1. The MnO2 which was collected from cathodic electrolysis process in KMnO4 0.125 M             
solution at 90 
o
C, 5V. (a) and (b): SEM images; (c): optical image. 
The content of the cathodically electrolyzed MnO2 which was determined by EDX analysis 
is shown in Figure 2. The EDX analysis was done 5 times for each sample and the determination 
was done on the positions of two type products. The EDX pattern of the sample show the 
presence of Mn and O elements in the synthesis product and the atomic ratio of these elements 
Mn/O is approximetly 1/2. The EDX result suggests that the product of the cathodic electrolysis 
in KMnO4 is MnO2.     
To further determine the structure of the electrochemical synthesis process, XRD analysis 
was performed. Figure 3 shows the XRD patterns of both product types which was prepared by 
cathodic electrolysis in KMnO4 0.125 M solution at 90 
o
C, 5 V on stainless steel electrode: 
brown powder and grey-black pieces. To seperate these materials, the synthesis product was 
centrifuged at 1000 rpm.  The deposited grey-black product, which is very heavy was easily 
separated from the brown powdered product which is very porous and light.  After that, the grey-
black pieces were grinded into powder. The XRD pattern on Fig. 3a of the brown powder 
product agrees well with the amorphous MnO2 structure (JCPDS ICDD File Card # 00-001-
0649) while the XRD pattern on Fig. 3b of the grey-black product is in agreement with the 
crystallographic date (JPCS ICDD File Card # 73-1826) of the crystalline MnO2 structure. 
Therefore, the XRD analysis result confirms the formation of two product types of the cathodic 
electrolysis in the KMnO4 solution, which are: amorphous and crystalline MnO2.     
The proposed mechanism of the formation of the two types is based on subsequent 
processes: i) direct and ii) indirect electrochemical reactions. The direct electrochemical reaction 
is the direct reduction reaction of MnO4
-
 on the cathode surface which could be explained by the 
following equation [6,8]:  
MnO4
-
  +  2H2O  +  3e
-
   →  MnO2  +  H2O      (1) 
While the indirect electrochemical reaction is the reduction reaction of the MnO4
-
 by new 
born proton, which was reduced on the cathode surface. The indirect process could be explained 
by the following equations: 
H3O
+
  +  e
-
  →  H  +  H2O       (2) 
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4H  +   MnO4
-
  →  MnO2  +  2H2O      (3) 
 
Figure 2. EDX result of the cathodic electrolyzed MnO2 in KMnO4 0.125 M solution at 90 
o
C, 5V. 
 The formation of the amorphous MnO2 depends on the reduction reaction of the proton 
ion. In this situation, on the stainless steel cathode which have high hydrogen reduction 
overpotential (-0.91 V), it is difficult to reduce proton ion therefore the amount of the prepared 
amorphous MnO2 is small [9]. To study this problem in detail, the same cathodic electrolysis 
was done on the graphite electrode which have more positive hydrogen reduction overpotential 
(-0.62 V) [9]. The hydrogen formation was observed clearly with strong air bubble generation on 
the graphite cathode surface and the formation of the brown powder - the amorphous MnO2 
strongly happened. The obtained product is maily the brown and light powder  - the amorphous 
MnO2 which was XRD analyzed to confirm the structure. 
The Figure 4a shows the influence of the electrolysis conditions as dependent on applied 
voltage, while those of electrolyte concentration and temperature on the electric current 
performance are shown in Figs .4b,c. At the electrolyte concentration of 0.125 M and the 
electrolysis temperature of 60 
o
C, the current performance was significantly modified when the 
applied voltage changed from 2 to 6 V and the highest performance was approximatly 98 % 
while the applied voltage was 4 V. The XRD and EDX analyses were done to confirm that the 
variation of the voltage did not change structure of the samples.  
At the applied voltage of 5 V and the electrolysis temperature of 60 
o
C, under the changing 
of the KMnO4 concentration, the current performance increased when the electrolyte 
concentration increased but slightly (Fig. 4b). The highest performance was aproximately 85% 
when the electrolyte concentration was 0.125 M. 
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Figure 3. X-ray diffraction patterns for: a) the brown powder product and b) the grey powder product 
which obtained from the cathodic electrolysis in KMnO4 0.125 M solution at 90 
o
C, 5V.  
 
Figure 4. The dependence of electrolysis current performance on: (a) applied voltage, (b) electrolyte 
concentration and (c) electrolysis temperature.   
The influence of the electrolysis temperature on the current performance is shown in Figure 
4c. Under the electrolysis applied voltage of 5 V and the electrolyte concentration of 0.125 M, 
the significant change of the electric current performance was observed. The XRD analysis data 
confirm that the electrolysis did not affect on the structure on the electrolyzed MnO2. When the 
electrolyte temperature was modified in turn from 15 to 30, 45, 60, 75 and 90 
o
C, the current 
performance strongly increased. At the electrolysis temperature of 90 
o
C, the highest current 
performance (99.17 %) was given. When the electrolyte temperature increased, the activity 
coefficient and also diffusion of the ions in the electrolyte solution increased which decreased 
the concentration overpotential and promoted the electrolysis process.   
4. CONCLUSIONS 
Via cathodic electrolysis in KMnO4 solution, the preparation of the MnO2 was successfully 
done. There are two types of electrolyzed MnO2 that were synthesized: amorphous and crystalline. 
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The formation mechanism of the MnO2 based on two processes: direct and indirect 
electrochemical processes. The dependence of the MnO2 cathodic electrolysis current performance  
on electrolysis conditions such as applied voltage, electrolyte concentration and electrolysis 
temperature was studied. The highest electrolysis current performance was given at 4 V applied 
voltage, 0.125 M electrolyte concentration and 90 
o
C electrolysis temperature. 
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